This paper analyzes the returns of distressed high-yield corporate bond portfolios based on the volatility characteristics of their corresponding option-adjusted spreads ("OAS"). Applying Capital Asset Pricing Model ("CAPM") theory to a portfolio of distressed bonds generates different results depending on whether overall high-yield market OAS volatility is considered. CAPM expectations (higher risk investments demand higher expected returns) are not generally fulfilled in both time-independent and time-dependent space after normalizing the data for overall high-yield market OAS volatility, i.e. the lowest OAS volatility portfolios outperform the highest volatility portfolios. We provide evidence that this phenomenon is a result of the idiosyncratic characteristics of the securities that comprise the lowest OAS volatility portfolios, which generate higher returns because they experience lower default rates and higher terminal values relative to the securities in the highest OAS volatility portfolios. Alternatively, we find that CAPM generally holds under two conditions: 1) in time-independent space where no consideration is given to the OAS volatility of the overall high-yield corporate debt market; and, 2) in time-dependent space where an investor possesses market timing skills. Because persistent market timing skill is rare, investing based on a buy-and-hold strategy, comprised of portfolios of the lowest OAS volatility distressed bonds, may be a practical solution for the long-term distressed debt investor.
Exhibit 1 shows the results of a difference of means test between distressed securities that defaulted ("Distressed Defaulted Group") versus those that did not default ("Distressed NonDefaulted Group") over the analysis period of July 1997 to December 2012. We calculate the difference of the mean OAS volatilities between the two groups on a monthly basis, with the starting point being the first instance of the security becoming distressed. The test clearly shows strong statistically significant differences between the average spread volatility of the two groups.
In particular, after the second month of being in a state of distress, we observe a materially higher statistical difference (t-value of 6.80), which occurs early in the distress evolution process and thus is beneficial in identifying the two distinct groups from a practical perspective. In this paper, we present techniques to compare the Distressed Defaulted Group to the Distressed NonDefaulted Group by quantifying the characteristics of lower volatility and higher volatility distressed portfolios, with the goal of improving portfolio returns. In all, 310 issues qualified over an 11 year sample period, 1978 11 year sample period, -1989 of these distressed securities eventually defaulted." 3 Since then, as shown in Exhibit 2, the U.S.
Exhibit 1. Difference of Means Test Between the OAS Volatilities of Distressed Defaulted Group and Distressed Non-Defaulted Group

Months
PostDistress
high-yield corporate bond market, of which distressed debt is a sub-component, grew rapidly from $214 billion to $1.21 trillion in 2012 (compounded growth rate of 8.2% per year). 4 However, the size of the distressed debt market has fluctuated based on the economic cyclewith spikes in supply typically arising during recessionary periods and/or liquidity crises. The definition helped draw attention to what was at the time an under-researched segment of the fixed income investment universe -distressed debt investing -and transformed a small cottage industry into a $320 billion professional money management business. 5 This paper attempts to shed light on some of the nuances of distressed debt securities, mainly how the volatility characteristics of option-adjusted spreads can be used to construct buy-and-hold, long-only portfolios that significantly enhance returns within the asset class. 
LITERATURE REVIEW
Following the growth in the high yield debt market, increased interest in the asset class led to expanded research on debt securities, with much of the research focused on the estimation of probabilities of default ("PD"). In the following, we list some of the notable works in estimating PD. Vasicek [1984] determined PD using the firm's assets relative to debt and the volatility of the market value of the firm's assets. In the model, the equity value can be viewed as a call option on the firm's asset value. There is a theoretical link between observable volatility of equity and the unobserved volatility of the firm's assets. Altman [1989] used a capital market based model to derive actuarial-based PD from past data on bond defaults by credit grade and years to maturity. The three main credit rating agencies have adopted this approach. Iben and Litterman [1989] modeled PD from the term structure of yield spreads between the default-free and risky corporate securities. The model derives implied forward rates on risk-free and risky bonds and uses these rates to extract the market expectation of default at different times in the future. Duffie and Singleton [1999] modeled defaultable bonds and credit derivatives using a reduced form approach assuming that the default intensity exists and formulating it directly as a function of latent state variables or predictors of default.
Although, we believe that default rate is one of the primary drivers that differentiate the returns between the LO VOL and HI VOL portfolios, our study uses volatilities of OAS to identify the different portfolios, analyzes their risk and return characteristics and proposes investment strategies. We note published studies that look at the volatility aspects of the high yield debt market. Benzschawel and Adler [2002] measured volatility-adjusted spreads by subtracting each month's average spread from the overall average and then divided that difference by the volatility. The volatility-adjusted spread shows that there is a non-credit related factor that is common to both sectors and ratings category. Benzschawel et al. [2011] used the volatility of spreads to measure PD implied by the market.
PROCESS
First, we analyze the volatility characteristics of distressed debt in a theoretical time-independent fashion, by selecting securities for inclusion in portfolios based on when they first become distressed, regardless of what point in time they occur. We subsequently perform a timedependent analysis to provide practicality and applicability in a real-world setting. The volatility characteristics of distressed securities are then mapped to default rates, terminal values and credit ratings. After implementing a buy-and-hold investment strategy, we compare the results to a strategy that re-balances only after major changes in market environments based on a regimeswitching methodology. The analysis spans two full credit cycles from 1997 to 2012. Exhibit 3 shows that using time-independent analysis, the HI VOL portfolio (4 th Quartile) significantly outperforms the LO VOL (1 st Quartile) portfolio, and thereby conforms with CAPM rating (based on an average of Moody's, S&P and Fitch). The country of risk of qualifying issuers must be an FX-G10 member, a Western European nation, or a territory of the US or a Western European nation. The FX-G10 includes all Euro members, the US, Japan, the UK, Canada, Australia, New Zealand, Switzerland, Norway and Sweden. In addition, qualifying securities must have at least one year remaining term to final maturity, a fixed coupon schedule and a minimum amount outstanding of $100 million. Original issue zero coupon bonds, 144a securities, both with and without registration rights, and pay-in-kind securities, including toggle notes, qualify for inclusion. Callable perpetual securities qualify provided they are at least one year from the first call date. Fixed-to-floating rate securities also qualify provided they are callable within the fixed rate period and are at least one year from the last call prior to the date the bond transitions from a fixed to a floating rate security. Eurodollar bonds (USD bonds not issued in the US domestic market), taxable and tax exempt US municipal, warrant-bearing, DRD-eligible and defaulted securities are excluded from the Index. Index constituents are capitalization-weighted based on their current amount outstanding. With the exception of U.S. mortgage passthroughs and U.S. structured products (ABS, CMBS and CMOs), accrued interest is calculated assuming next-day settlement. Accrued interest for U.S. mortgage pass-through and U.S. structured products is calculated assuming same-day settlement. Cash flows from bond payments that are received during the month are retained in the index until the end of the month and then are removed as part of the rebalancing. Cash does not earn any reinvestment income while it is held in the Index. The Index is rebalanced on the last calendar day of the month, based on information available up to and including the third business day before the last business day of the month. Issues that meet the qualifying criteria are included in the Index for the following month. Issues that no longer meet the criteria during the course of the month remain in the Index until the next month-end rebalancing at which point they are removed from the Index. The Bloomberg ticker symbol is "H0A0". Source: Bank of America Merrill Lynch. 7 There are three events that cause a default: 1) bankruptcy; 2) missed interest payment not cured during the grace period; and, 3) a distressed exchange. In approximately 50% of cases, the default preceeds the bankruptcy date when both occur and in approximately 46% of cases, a distressed exchange is followed by a bankruptcy filing. We calculate returns for defaulted securities, post default, as long data is available. No value is assigned to any ultimate recovery arising from a bankruptcy restructuring or liquidation process. 
TIME INDEPENDENT ANALYSIS
TIME-DEPENDENT ANALYSIS
In the next step of the process, we perform a more realistic continuous, time-dependent return analysis. We use the same portfolio construction criteria, but instead select securities that fit the criteria on a monthly basis, in a contiguous fashion, from July 1997 to December 2012.
As shown in Exhibit 4, using time-dependent analysis, the LO VOL portfolio significantly outperforms the HI VOL portfolio and produces results that are contrary to the antecedent timeindependent analysis. 
DEFAULT RATES AND TERMINAL VALUES
We believe that the reason why the buy-and-hold LO VOL portfolio outperforms the HI VOL portfolio, over the long-term, is because the HI VOL portfolio experiences higher default rates and lower terminal values. Exhibit 6 shows that after the first year of entering a state of distress, 11 The BofA Merrill Lynch US Distressed High Yield Index is a subset of The BofA Merrill Lynch US High Yield Index that includes all securities with an option-adjusted spread greater than or equal to 1,000 basis points. The Bloomberg ticker symbol for the Distressed Index is "H0DI". Source: Bank of America Merrill Lynch. Note: The BofA ML Distressed index rules remove high-yield securities when spreads fall below the 1,000 bps threshold. Therefore, if the security eventually matures when its OAS is less than 1,000 bps, returns would be under-estimated in the BofA Merrill Lynch H0DI index relative to the methodology used in this paper. These findings provide evidence supporting our hypothesis that higher volatility distressed securities experience higher default rates. In addition to our hypothesis, we observe that defaulted securities also exhibit lower terminal values than those that do not default, which also reinforces our hypothesis that leads us to believe that the LO VOL portfolio should materially outperform the HI VOL portfolio over the long run using a buy-and-hold investment strategy.
Exhibit 7. Terminal Values -Original OAS Volatility
RATINGS MIGRATON
As an extension of the default rate analysis, we also analyze the portfolios' credit rating migration, over time, from an OAS volatility perspective. Since a security first enters a state of distress, the LO VOL portfolio exhibits stable ratings versus a significant deterioration in credit quality during the first 12 months for the HI VOL portfolio. We also find that the HI VOL portfolio is generally comprised of a larger proportion of lower quality "CCC-C" rated securities, which are associated with higher default rates. Please refer to Appendix B.
NORMALIZING FOR MARKET VOLATILITY
It appears that in a theoretical (time-independent) world, over the long-term, a buy-and-hold investment strategy consisting of a portfolio of the highest volatility distressed corporate debt securities outperforms a portfolio of the lowest volatility securities. However, in a real-world (time-dependent) environment, a lower volatility, buy-and-hold portfolio, outperforms its higher
So what is driving this contradiction in results? Using time-independent analysis, we find that the HI VOL portfolio is made up almost entirely of securities from several dislocated markets (i.e., 1998, 2002, and 2008) . Therefore, this suggests that if an investor possesses market timing skills, they are better off investing in the HI VOL portfolio, particularly after market dislocations.
Rather than following a buy-and-hold investment approach, portfolios should be re-balanced after market dislocations -overweighting the highest volatility securities. We explore the concept of portfolio rebalancing, based on market regime shifts, later in the Market Timing section of the paper. We believe that this contradiction in results can be attributed to the effect of overall highyield corporate bond market volatility ("market volatility"), which obscures the idiosyncratic volatility properties of individual distressed securities.
After conducting the same analysis, but this time controlling for overall market volatility, we observe consistent results both in time-independent and time-dependent space -with the LO VOL portfolio outperforming the HI VOL portfolio. See Exhibits 8 and 9. We control for market volatility by normalizing each individual bond's OAS volatility by the market's overall volatility. Normalization is accomplished by dividing an individual bond's trailing six-month realized volatility by the average realized volatility of the high-yield market over the same time period. By controlling for the volatility of the high-yield bond market, we are able to remove systematic volatility effects and are thus able to analyze the idiosyncratic volatility properties of each individual distressed security. This adjustment is important because unless the data is normalized, the HI VOL portfolio is dominated by securities that only appear during the most volatile market environments, and thus the analysis sheds little insight into an individual bond's characteristics under heterogeneous market conditions. Normalization ensures that the HI VOL and LO VOL portfolios only include the highest and lowest volatility securities available at a coterminous point in time -over the diverse market volatility conditions covered by the analysis period. After performing time-independent analysis using the normalized approach, the LO VOL portfolio consistently outperforms the HI VOL portfolio by a margin ranging from 17 to 47 percentage points of cumulative return. The effect is most pronounced 18-24 months after a security first becomes distressed, with cumulative outperformance of 45 percentage points. See Exhibit 8. Therefore, in order to improve long-term returns using a buy-and-hold strategy, it is necessary to select the lowest volatility securities that are available in the then current market (i.e., controlling for overall market volatility) without reliance on market-timing skills. After introducing normalization into the analysis, we find results that are consistent with our hypothesis using both a time-independent and time-dependent framework, with the LO VOL portfolio outperforming the HI VOL portfolio. Next, we analyze the default rate characteristics under the normalized volatility framework.
Exhibit 10. Annualized Return Distribution (ARD) Analysis
Exhibit 11 shows cumulative default rates for the volatility quartiles after normalizing OAS spread volatility. After the first year of entering a state of distress, the cumulative default rate of the HI VOL portfolio exceeds the cumulative default rate of the LO VOL portfolio by approximately 12 percentage points. The difference is most pronounced starting on year two, persisting through year five -with the cumulative default rate of the HI VOL portfolio exceeding the cumulative default rate of the LO VOL portfolio by approximately 23 percentage points over this period.
Exhibit 11. Cumulative Default Rate since First Entering a State of Distress -Normalized OAS Volatility
When comparing Exhibit 11 (normalized) to Exhibit 6 (non-normalized), normalization of OAS volatility increases the difference in default rates between the LO VOL and HI VOL portfolios by 10 percentage points (23 percentage points for normalized versus 13 percentage points for nonnormalized), thus increasing the potential for more differentiated returns. We believe that removing the effect of the overall high-yield market volatility allows for the isolation of the idiosyncratic characteristics of the individual securities. One can also readily observe a clear separation of the four volatility quartiles using the normalization approach. These findings provide evidence supporting our hypothesis that higher volatility distressed securities experience higher default rates. Furthermore, as shown in Exhibit 12, the average terminal value of the LO VOL portfolio is significantly higher than that of the HI VOL portfolio (97% of par versus 69% of par). Taken together, these finds support our hypothesis that the LO VOL portfolio should materially outperform the HI VOL portfolio, over the long run, using a buy-and-hold investment strategy.
Exhibits 13 12 The realized default rate is the total number of issues that actually defaulted over this period. Exhibit 15 shows that there were 103 distressed bonds that defaulted over this period. Using the normalization approach, we expected 72 distressed bonds to default. Whereas using the non-normalized (original) OAS volatility, we expected 201 distressed bonds to default. Clearly, OAS volatility normalization improves the default rate estimation during this period.
12 Expected Default Rate = (3-year cumulative historical rate of each volatility quartile) x (bond count of each volatility quartile)
In Exhibit 16, we show the trailing six-month realized default rate for distressed bonds (issue based), along with the trailing six-month expected default rate using normalized and nonnormalized data. Over the analysis period, the correlation between normalized expected default rates and realized default rates is 50.9%, versus 26.0% between non-normalized expected default rates and realized default rates.
We believe that this under-estimation of default rates may be explained by the fact that the majority of distressed securities during this period (August 2008 to March 2009 
MARKET TIMING
We now analyze the effect of applying a market-timing technique to identify significant market regime shifts. In contrast to the buy-and-hold strategy, we now implement a strategy that only rebalances after major changes in market conditions. This approach is described by Chen et al. [2008] , where the use of regime-switching techniques resulted in improved returns for investors that allocate capital to hedge fund managers pursuing a distressed investing strategy. 
CONCLUSION
In summary, for a portfolio of distressed corporate high-yield bonds, we find that CAPM theory generally holds under two conditions: 1) using a time-independent theoretical framework, where no consideration is given to the overall volatility of the high-yield corporate debt market; and, 2) using a time-dependent real-world framework where an investor possesses market timing skills.
However, CAPM expectations are not necessarily fulfilled in both time-independent and timedependent space under a long-term buy-and-hold investment strategy, after adjusting for overall market volatility, since the LO VOL portfolio outperforms the HI VOL portfolio. We provide evidence that this phenomenon is a result of the idiosyncratic characteristics of the distressed high-yield securities that comprise the LO VOL portfolio, which generate higher returns because they experience lower default rates and higher terminal values relative to the securities in the HI VOL portfolio. Because persistent market timing ability is a rare skill, investing in a buy-andhold strategy comprised of the lowest volatility distressed securities may be a practical solution for the long-term investor. 
APPENDIX B. RATINGS MIGRATION
For the volatility quartile portfolios that are constructed after ranking and grouping the original OAS volatility of distressed securities, Exhibit 20 shows the LO VOL portfolio exhibiting stable and improving credit ratings throughout the first three years of first becoming distressed.
Furthermore, the LO VOL portfolio also consists of higher quality bonds. Approximately 70-90% of the LO VOL portfolio is comprised of the combination of "B" and "BB" credits, with only 10-30% in "CCC-C" credits. This observation is remarkable in light of the fact that after the second month in distress, the credit composition of the two portfolios are less distinct and quickly thereafter become highly differentiated from a credit perspective. We also observe materially lower default rates for the LO VOL portfolio over the 60-month analysis period. In contrast portfolio based on normalized OAS volatility and a higher proportion in low quality credits, such as "CCC-C" credits, over the analysis period.
